Corrosion rate is one of the most important input parameters in corrosion-induced damage prediction models for reinforced concrete (RC) structures. Its accurate assessment and/or prediction is therefore required if the damage prediction models are to be reliably used to predict both the rate and severity of damage and to plan for maintenance of these structures. However, it has not been assigned the level of importance it deserves especially with respect to its prediction. In most cases, instantaneous measurements or constant predicted corrosion rate values are used in damage prediction models hence neglecting its time-variant nature while in some cases, salient factors that affect corrosion rate such as cover cracking and concrete quality and not taken into consideration during the model development. The direct consequence of this may be under-or overestimation of the severity and the time to corrosion-induced damage such as for example cover cracking, and hence service life of the structure. This paper presents a critical review of some of the available corrosion rate prediction models focusing mainly on chloride-induced corrosion. In addition, proposals for the improvement of these models are made.
Introduction
In the light of the paradigm shift to incorporate the corrosion propagation phase (t p ) in the service life of corrosion-affected reinforced concrete (RC) structures [1] [2] [3] , several models have been developed to predict times to different corrosion-induced damages (limit states) such as cover cracking, loss of steel cross-section area, loss of stiffness, etc [4] [5] [6] [7] . Even though these prediction models usually have several input parameters, it is clear that the rate of corrosion governs their outcome either in terms of the time to attainment of a pre-defined limit state or its severity at a given time. A sensitivity analysis by Li et al. [8] showed that corrosion rate (i corr ) is one of the most important input parameters in the corrosion-induced damage models.
The success in incorporating t p in the service life of RC structures will therefore depend on how accurately and realistically the i corr can be predicted. As discussed in later sections, its treatment with respect to prediction does not match the level of importance it deserves. Instead, more focus has been placed on the prediction of corrosion-induced damages, with little attention to the assessment and prediction of i corr . The result of this has been the development of several corrosion-induced damage prediction models for each limit state (e.g. time to corrosion-induced cover cracking). This makes the task of selecting appropriate models difficult for the practicing engineer.
In contrast, the number of available/published i corr prediction models is relatively small compared to that of the damage prediction models; this shows where the focus has been placed, as mentioned above. This paper presents a review of the available/published i corr prediction models. It is divided into two main parts: the first part presents a review of individual models while the second part contains a summary of some of the salient aspects that should be incorporated in the models and a brief discussion of an ongoing study on the prediction of i corr .
Before proceeding, it is important to note the following: (i) i corr is affected by many factors and can be expressed (using a factorial approach [9] ) as follows:
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where k 1 , k 2 , ……, k n represent the factors affecting corrosion propagation e.g. supplementary cementitious materials, moisture content, cyclic wetting and drying, sustained loading, loading history, concrete resistivity, concrete quality, cover depth, temperature, cracking, dissolved oxygen concentration and exposure conditions [10] . However, it is important to note that it may be impractical to explicitly incorporate each of these factors in a model. Some of these factors can be indirectly incorporated in a predection model e.g. concrete resistivity can be indirectly used to account for temperature, concrete quality and moisture content of the concrete. (ii) i corr prediction models can be developed based on one or a combination of the following approaches: − Electrochemical principles of corrosion of steel in concrete [e.g. 11 With these in mind, the next sections will present a review of the available i corr prediction models.
Existing Corrosion Rate Prediction Models

Alonso et al.'s model (1988)
The prediction model by Alonso et al. [14] is based on a statistical analysis of resistivity and accelerated carbonation-induced i corr results. The experiments were carried out using 20 x 55 x 80 mm mortar specimens made with various binders (Portland cement (PC), Sulphate resistant PC, slag cement, Pozzolanic cement, fly ash (FA) cement and 70/30 PC/FA) with a w/b ratio of 0.50. Accelerated carbonation was achieved by exposing the specimens to CO 2 (in a CO 2 -filled chamber (concentration not reported) assumed to be 100% CO 2 ) at 50-70% relative humidity (RH). i corr was assessed by linear polarisation resistance (LPR) technique and later ascertained using the gravimetric method. The experimental results are presented in Figure 1 .
The mathematical expression for the trend-line in Figure 1 was adopted as the prediction model, with concrete resistivity as the main input parameter, Eqn. (2):
where k corr is a constant with a value of 3 x 10 4 μA/cm 2 .kΩ-cm (slope of graph in Figure 1 ) and ρ ef is the resistivity of the concrete at its actual degree of saturation. Alonso et al.'s [14] experimental results show a clear relationship between i corr and concrete resistivity. The following can be noted with respect to this model: − Accelerated tests were used without validation using natural corrosion test results. The use of small (mortar) specimens (20 x 55 x 80 mm) may have a size effect on the experimental results [15] . − In addition to concrete resistivity, i corr in concrete can be affected by other factors such as presence of cracks, concrete cover depth, among others [10] .
− Variability of i corr -influencing parameters such as cover depth is not taken into accounted. − It is not clear whether the i corr predicted by the model is a constant i corr or not.
Figure 1:
Corrosion rate vs. resistivity (for steel in carbonated mortars) [14] However, even though shortcomings can be cited with respect to this model, it provides a clear indication of the possibility of using concrete resistivity as a potential durability indicator. The electrical resistivity of concrete provides indications on the pore connectivity and therefore, on the concrete resistance to penetration of liquid or gaseous substances; it can therefore be related to reinforcement durability [16] . The relationship between concrete resistivity and i corr will be revisited later in this paper.
Yalcyn and Ergun's model (1996)
The model by Yalcyn and Ergun [17] was developed by studying the effect of chloride and acetate ions on i corr . Corrosion was evaluated by measuring half cell potentials (HCP) and LPR. The model was developed based on results obtained from accelerated corrosion testing (admixed chlorides); with i corr measurements taken up to a period of 90 days i.e. at 1, 7, 28, 60 and 90 days on cylindrical specimens of 150 mm diameter x 150 mm height. Only 90/10 PC/Pozzolanic cement was used. The model is presented as shown in Eqn. where i corr is the corrosion rate at time t, i o is the initial corrosion rate and C is a corrosion constant that depends on the degree of concrete pore saturation, pH, permeability and the cover thickness; Yalcyn and Ergun proposed a value of C (evaluated from i corr vs. time curves) as 1.1 x 10 -3 day -1 for the different concrete samples they considered. Important notes about the model are as follows: − The model predicts i corr in uncracked concrete and may therefore not be applicable to cracked concrete; where both corrosion initiation and propagation may be affected (shortened or eliminated) [18] . − Factors which affect i corr such as cover depth, temperature, concrete resistivity and cracking, among others [10] , are not incorporated in the model. − It is not clear whether the i corr predicted by the model is a constant i corr or not. − The model as presented in Eqn. (3) assumes that the concrete and environmental conditions remain constant and that future i corr is only dependent on time. However, these factors may vary from time to time and consequently affect i corr . − Taking into account that the model was developed using accelerated corrosion results, validation of the model should be carried out using data from natural corrosion tests.
Katwan et al.'s model (1996)
Katwan et al. [19] proposed an empirical model, based on the electrochemical noise (ECN) technique for the determination of i corr . The measurements were made on full-scale RC beams (150 x 250 x 3000 mm) under dynamic (0.17 Hz) and static loading, and exposed to a corrosive environment (3.5% NaCl solution).
Results from short and long-term tests suggested that for a given test condition, the i corr can be predicted from the standard deviation (SD) of the HCP readings obtained using the ECN method. Although Katwan et al. [19] did not provide a mathematical expression for the relationship between corrosion current (I, μA) and SD of the HCP from the ECN technique, it is similar to that obtained by Page and Lambert [20] as shown in Eqn. (4) :
The following can be noted with respect to this model: − The use of HCP to assess corrosion has been criticised in the past for its instability depending on the prevailing measurement conditions; there is no general correlation between i corr and HCP [21] . In most cases, for practical applications, HCP measurements need to be complemented with other corrosion assessment techniques e.g. LPR. Consequently, this limits the application of Katwan et al.'s model [19] . − The use of ECN technique in field of RC is not common (or well established) and therefore limits its practical applicability. − In their paper [19] , Katwan et al. reported that the SD was sensitive to change in the rate of sampling by the ECN technique but no recommendation was provided to account for this. − It is not clear whether the i corr predicted by the model is a constant i corr or not.
Liu and Weyers' model (1998)
Liu and Weyers [12] developed an empirical model based on statistical analyses of experimental results obtained from a 5 year accelerated corrosion testing programme on 44 uncracked bridge deck slabs (1180 x 1180 x 216 mm) with covers of 25, 51 and 76 mm, w/b ratios of 0.41, 0.42, 0.43 and 0.45 and cement contents ranging from 337 to 382 kg/m 3 ; the objective being to obtain different accelerated corrosion rates. This was achieved by varying the amount of admixed NaCl (from 0 to 7.2 kg/m 3 ). The specimens were exposed to outdoor conditions during the test period. i corr was measured using the LPR technique (3LP and Gecor devices were used). Liu and Weyers found out that the dynamic corrosion process of steel in in-service concrete is a function of the chloride content, temperature, resistivity of the concrete and active corrosion time. The outcome of statistical analyses of the results was a non-linear regression i corr prediction model presented as shown in Eqn. (5) 
where i corr is the 3LP corrosion rate (μA/cm 2 ), Cl is the total chloride content at the steel level (kg/m 3 ), T is the temperature at the steel surface (K), R c is the resistivity of the cover concrete (Ω) and t is the corrosion time (years). The following can be noted with respect to Katwan et al.'s model [19] : − Although concrete cover was a variable in the experimental set up, it is not an input parameter in the model. This was based on a statistical analysis of the results, but may also be partly due to the use of admixed chlorides. The absence of cover as an input parameter in the proposed model suggests that it has no influence on i corr ; this stands in contrast to results reported by various researchers indicating that concrete cover affects both corrosion initiation and its propagation [e.g. 22, 23] . − Similar to previous models discussed, it is not clear whether the i corr predicted by the model is a constant i corr or not.
Duracrete model (1998)
The Duracrete model [24] is an attempt to improve on Alonso et al.'s model [14] and proposes the incorporation of other i corr -influencing factors by the introduction of coefficients/correction factors in the model as shown in Eqn. (6):
where k cprr is a constant regression parameter (10 4 ), F cl , F Galv , F oxide and F Oxy are factors to take into account the influence of chloride content, galvanic effects, continuous formation and ageing of oxides and availability of oxygen on i corr respectively and ρ(t) is the resistivity of concrete (Ω-m) at time t.
where ρ o is the resistivity of concrete (Ω-m) at time t o , n is a factor which takes into account the influence of ageing on ρ o , f e is a factor which modifies ρ o to take into account the influence of the exposure environment and f t is a factor which takes into account the influence of the resistivity test method. The following can be noted with respect to the Duracrete model: − Even though the Duracrete model [24] attempted to improve on Alonso et al.'s model [14] , it is still inherently susceptible to criticisms similar to those for Alonso et al.'s model as they are based on the same background. − Although the above mentioned i corr -influencing factors are suggested, no mention is made with respect to their quantification i.e. no guidelines are given on how to obtain or predict the values. − It is not clear whether the i corr predicted by the model is a constant i corr or not.
Vu and Stewart's model (2000)
Vu and Stewart [25] developed an i corr prediction model based on the assumption that O 2 availability at the steel surface (which depends on, among other factors, concrete quality, cover depth and environmental conditions such as temperature and relative humidity) are the governing factors. This was due to the consideration that for many locations in Australia, US, Europe and Asia, the average relative humidity (RH) is > 70%. For an ambient RH of 75% and a temperature of 20 o C, the influence of w/b ratio and cover depth (C, in cm) on corrosion rate up to 1 year (i corr (1) , μA/cm 2 ) after the end of the corrosion initiation phase was expressed empirically as shown in Eqn. (7):
During the propagation phase i corr is expressed as follows (Eqn. (8)):
where t p = t -t i ; t is the time to which i corr is to be predicted and t i is the time to corrosion initiation. Plotting Eqn. (8) as shown in Figure 3 indicates that the model results in a constantly decreasing i corr with time; this is contrary to the expected peak variations in i corr depending on the prevailing concrete and exposure conditions, which vary from time to time. In addition, the initial i corr is at the start of corrosion propagation is unexpectedly high. Furthermore, it is necessary to note the following: − The model does not take into account the variation in concrete quality with change in binder type, at a constant w/b ratio.
− The model may be limited to corrosion processes where cathodic reaction (oxygen availability) is the governing reaction e.g. PC concretes; it may not be applicable to those where concrete resistivity (anodic reaction) is the governing reaction e.g. blended cement concretes [22] .
Later in 2005, Vu et al. [26] attempted to improve Vu and Stewart's model [25] to account for the time-variant nature (i.e. peak variation of i corr with time) of i corr by replacing the constants '0.85' and '0.29' with constants 'α' and 'β' respectively (Eqn. (9)) whose values depend on whether the i corr is time-variant or not:
The respective values for α and β and are given below:
Scott's model (2004)
Scott's model [27] (10) where f is a slag correction factor, f = 10 (|0.5-S|-0.5+S) (where S is the slag concentration expressed as a decimal e.g. 0.25 for 25%), C c is the 90 day chloride conductivity index value (mS/cm) [28] and x is the concrete cover depth (mm). A plot of Eqn. (10) is presented in Figure 4 . The following are notable with respect to Scott's model: − Although the model was developed using data from cracked specimens, it does not explicitly incorporate crack width as an input parameter. The applicability of this model to different scenarios other than those used during its development has not been conclusively ascertained in subsequent similar studies e.g. in Otieno et al.'s [18] study. − Similar to other models already discussed, it is not clear whether the i corr predicted by the model is a constant i corr or not. − Scott's model, similar to Alonso et al.'s [14] , also underscores the possibility of using concrete resistivity (or its inverse conductivity) as a potential durability indicator and hence a service life prediction model input parameter.
Martinez and Andrade's model (2009)
Martinez and Andrade's model [29] can be used to predict an annual-averaged representative corrosion rate (i corr,rep ). The model, similar to Alonso et al.'s model [14] , is based on concrete resistivity. The determination of i corr,rep (defined by Eqn. 
where i corr,max is the maximum predicted i corr corresponding to a minimum resistivity (ρ min ) determined using in-situ cores, conditioned to 85% RH (for structures sheltered from rain) or vacuum water-saturated (for non-sheltered or submerged ones).
This model, similar to Vu and Stewart's model [25] , assumes that corrosion is anodic-or resistivity-controlled, a phenomenon that may only be the case in high resistivity concretes e.g. in blended cement concretes [22] . Furthermore, even in situations where the corrosion process is anodic-controlled, differences may still arise for varied concrete qualities or in situations where the concrete cover is cracked [18, 22] .
Models based on electrochemical principles of corrosion
These models rely mostly on solving the governing (Laplace) equation to determine the distribution of electric potential on the steel surface based on the assumptions of electrical charge conservation and isotropic conductivity [11, 30] . The governing equation can be presented as shown in Eqn. (12):
where x and y are planar Cartesian co-ordinates, φ is the electric potential and ∇ is the Laplacian/harmonic operator. The governing equation is solved using relevant boundary conditions (e.g. concrete resistivity, oxygen diffusion and pH of the pore solution), and suitable numerical methods such as finite element method, finite difference method and boundary element method. A model developed using this method cannot be presented as a single mathematical equation. The i corr is determined from the potential distribution on the steel surface. The theory of electrochemical corrosion of steel is well established and can be found in the literature [11, 31] . Examples of models developed using this approach include those by Isgor and Razaqpur [11] , Kim and Kim [30] and Dao et al. [32] . Specific details with respect to the principles of electrochemical corrosion and the determination of the input parameters and boundary conditions used to solve the governing (Laplace's) equation can be found in the literature [e.g. 11, 30, 31, 32] .
From the on-going discussion, it is evident that models based on the application of electrochemical principles of corrosion, similar to others such as Katwan et al.'s model [19] , rely on potential measurements. This has inherent disadvantages as discussed in previous sections. Therefore, validation of these models is important before they can be reliably used to predict i corr . This will be covered in detail in the next section.
Summary of Salient Aspects to Be Considered When Developing a Corrosion Rate Prediction Model
A number of prediction models by different researchers, based on different approaches, have been presented, discussed and critiqued in the previous sections. The following section will present a summary of the salient issues related to these models.
Time-variant nature of corrosion rate
Corrosion rate in RC structures is affected by several factors (e.g. concentration of chlorides, concrete penetrability) that vary from time to time and with continued aging of the structure. Consequently, i corr is also expected to show a similar variability and should be treated as such. This phenomenon has been appreciated by some researchers [e.g. 12, 33] but is yet to be successfully incorporated in prediction models. Researchers such as Yuan et al. [34] have proposed three distinct phases for a time-variant i corr as (i) descent phase, (ii) steady phase and, (iii) ascent phase ( Figure 5 ).
Figure 5: Phases of time-variant corrosion rate [34]
However, it is clear that such a trend cannot be used to generalize i corr trend in RC structures. i corr varies depending on the prevailing concrete and exposure conditions and hence will vary from one structure and exposure condition to another. Furthermore, the following can be noted: The variation of i corr with time can be taken into account by incorporating the factors that affect it (as summarised in [10] ) directly or indirectly as mentioned previously.
Influence of cover cracking on corrosion rate
Previous studies have shown that pre-corrosion cracking and crack characteristics can significantly influence both corrosion initiation and its propagation [18, 22] . The effect of cracking on corrosion may vary depending on concrete quality, concrete resistivity, crack width, crack density, crack self-healing and crack orientation. The effect of load-induced crack width, concrete quality (binder type and w/b ratio) and concrete resistivity on i corr , obtained from an experimental study by Otieno et al. [18] can be summarised as presented in Figure 6 . Figure 6 : Effect of crack width and concrete quality on chloride-induced i corr [18] The study comprised of 100 x 100 x 500 mm beam specimens from four concrete mixes made using two w/b ratios (0.40 and 0.55) and two binder types (100% CEM I 42.5N (PC) and 50/50 PC/Corex slag (GGCS) blend. Details relating to GGCS can be found in [35] ). A constant concrete cover of 40 mm was used. The beam specimens were pre-cracked (including the incipient cracks, being cracks that effectively had zero crack width) before being subjected to a cycle of 3-day wetting (with 5% NaCl) and 4-day air-drying under laboratory conditions (16-24 o C and 60-75% relative humidity) for a period of 32 weeks. From the study, the following conclusions were drawn: − The initiation phase may either be substantially shortened or completely eliminated depending on crack width, concrete quality and resistivity. − Cracking affects the i corr during the propagation phase but the extent depends on the interaction between crack width, concrete quality and concrete resistivity. To demonstrate the significance of the effect of crack width, concrete quality and resistivity on i corr , Alonso et al.'s model [14] , Eqn. (2) , is compared with results obtained in a study by Otieno et al. [36] (  Figure 7) . Even though the experimental set-ups in the two studies are different, this comparison shows that crack width, concrete quality and resistivity are significant factors when predicting i corr .. Concluding from the data presented in Figure 7 , the relationship between i corr and concrete resistivity (ρ) may be expressed as (Eqn. (13)):
where k and m are coefficients depending on crack width, concrete quality and/or resistivity. It is therefore important that cracking, among other factors that affect corrosion rate [10] , are incorporated in i corr prediction models. However, it is important to note that both Alonso et al. 
Corrosion rate measurement techniques
Different assessment techniques and instruments can be used to quantify i corr both in the laboratory and in the field. However, significant differences have been reported between different instruments when used to measure i corr under the same conditions [12, 38] . For example, Liu and Weyers' [12] reported that the difference among three i corr assessment techniques (gravimetric, 3LP and Gecor) was more than an order of magnitude; up to a factor of 17 with the 3LP being highest ( Figure  8 ). It is therefore important that the assessment technique used to obtain the i corr data used during the model development stage is clearly stated. In this way, adjustments can be made to obtain relevant i corr values for use in the model. General guidelines for interpreting the results of the 3LP and Gecor are summarized in Table I [39, 40] . It must be noted that the interpretation guidelines for 3LP readings given in Table I may not be applicable to certain concrete and/or exposure conditions e.g. cracked concrete. Furthermore, in addition to the i corr values differing from one measurement technique to another, they also differ from the actual (gravimetric) values. In the example presented here (Figure 8 ), the Gecor and 3LP i corr values are conspicuously higher (up to 261%) and lower (up to 84%) respectively than the gravimetric results (which are usually used in the laboratory to depict actual i corr ).
In addition to different assessment techniques giving different results under the same measurement conditions, other techniques e.g. HCP measurement have been reported to give varied results depending on the measurement conditions. With respect to HCP, studies have shown that there is no general correlation between i corr and HCP [21] . Furthermore, the HCP values can only be interpreted to give the likelihood or expected severity of corrosion in the structure. The use of such a measurement technique to obtain data for model development (for example as done by Katwan et al. [19] ), may therefore not be ideal.
In general, i corr results from different corrosion assessment techniques should be carefully interpreted and/or compared bearing in mind the technique employed.
Validation of models
Performing accelerated corrosion experiments has become a common technique to simulate corrosion-induced damage in RC structures, mainly because results can be obtained within a short period of time. However, this technique has been criticised for not being representative of the natural corrosion process and hence the results obtained from such tests may not be reliably extended to real structures [41, 42] . Taking into consideration that most of the i corr prediction models are developed using results from accelerated experiments [e.g. 12, 14, 17, 18, 25, 27] , it is important that to validate them using real/natural i corr data. This is an important stage in ensuring that the model is representative of the actual performance of inservice RC structures.
Accounting for variability
Variability of model input parameters is important and should be modelled in such a way that realistic results, and hence decisions, can be derived from the model. In order to adequately account for the variability in i corr , it is important that the variability of the i corr -influencing factors such as cover depth, cracking and concrete quality are first taken into consideration. The outcome of such an approach should be expected i corr trend-ranges/envelopes and not single ones.
However, accounting for variability should not only be taken to mean a statistical analysis of the i corr data, regardless of how rigorous the process may be. It requires availability of not only a representative sample but also accurate and reliable data. . None of the available models covered in the previous sections is based on probabilistic analysis. The development of a probabilistic model has been hindered mainly by lack of adequate data to determine relevant statistical distributions for the various i corr -influencing parameters [24] . Further, the available data must be compatible with each other especially with respect to the measurement techniques.
Taking into consideration the critique on the use of accelerated corrosion experiments discussed above, it may be debatable as to whether a probabilistic model developed using data from an accelerated corrosion testing regime is valid or not to be applied to real structures. The use of natural i corr data would be ideal but in its absence, using data from accelerated tests appear acceptable subject to the model being validated in future as natural i corr data becomes available.
Future Outlook (Ongoing Study)
The review presented in this paper was motivated by an ongoing study to develop a chloride-induced i corr prediction model. The impetus for the study emanates from the need to quantify the corrosion propagation phase (t p ) of the service life of corrosion-affected RC structures; this can assist in the development of pro-active maintenance and repair strategies. Furthermore, the need to improve on some of the shortcomings of the existing models discussed in this paper must be pointed out. A brief summary of the ongoing study is presented in the next sections.
Objectives and expected outcomes of the study
The main objectives of the ongoing study are to: 1. Develop a finite element numerical i corr prediction model for chloride-induced t p in RC structures. The model will be developed based on the findamental electrochemical corrosion principles, and implemented using a commercially available finite element modelling software. 2. Validate the model using both laboratory and in-situ natural corrosion assessment data. This will involve (i) detailed comparison of the numerical model results with the in-situ and laboratory results, and (ii) modifying the model, if necessary, to fit into the in-situ corrosion rate results. 3. Integrate the model into an existing corrosion-induced damage model to obtain a comprehensive/complete service life prediction incorporating both the initiation and propagation phases of corrosion.
Important aspects of the study, in a bid to improve on some of the shortcomings of the available model discussed in this paper, are as follows: (i) Combined effect of crack width, concrete cover and concrete quality on corrosion rate. Concrete quality will be quantified using the durability index tests [43] (chloride conductivity, oxygen permeability and water sorptivity). (ii) Use of natural corrosion results to validate the numerical model (see next section for details).
(iii) The inherent variability of corrosion rate will be accounted for by carrying out a stochastic analysis on the corrosion-influencing parameters viz concrete cover, crack width and concrete quality.
It is envisaged that at the end of the study, with the above objectives met, the following outcomes will be realised: (i) Provision of recommendations with respect to pro-active conservation (maintenance and repair) strategies that can be undertaken to either attain the initial design service life (incorporating t p ) or extend it. (ii) Determination of corrosion acceleration factors to relate accelerated (laboratory) and in-situ/field corrosion rates; this will enable the determination of equivalent natural corrosion rates from accelerated corrosion rates. (iii) Inclusion of principles for obtaining performance diagnosis and prognosis of RC structures from corrosion assessment techniques and prediction models.
Framework and scope of the study
The study focuses on the quantification of the effect of crack width, concrete quality (binder type and w/b ratio) and concrete cover on i corr,Cl . The experimental variables include: binder type (100% CEM I 42.5N (PC), 50/50 PC/GGBS and 70/30 PC/FA), w/b ratio (0.40 and 0.55), concrete cover (20 and 40 mm) and crack width (uncracked, incipient-cracked, 0.4 mm and 0.7 mm). For each binder type, concrete cover, crack width and w/b ratio, three beam specimens (120 x 130 x 375 mm long) will be made.
The cracked specimens will be pre-cracked under 3-point flexural machine loading. Thereafter, the respective crack widths (except the incipient crack) will be maintained using the 3-point loading rig shown in Figure 9 . All the 0.4 and 0.7 mm cracked specimens will remain in individual loading rigs for the duration of the experimental programme. Parallel experiments will be run in the laboratory (accelerated corrosion) and in the field (natural corrosion in a spray/splash marine zone) in an attempt to establish the correlation between accelerated laboratory and natural field corrosion rates.
A series of corrosion assessments will be carried out on the specimens: i corr , HCP, concrete resistivity and visual inspections. In addition, relevant tests will be performed to characterise both the fresh and hardened concretes.
In summary, the ongoing study will directly or indirectly simultaneously incorporate the following i corr -influencing factors in the resulting prediction model: concrete quality, crack width, sustained loading, temperature, moisture content and cover depth. Ultimately, an improved and validated i corr model is expected to be developed at the end of the study. Closure Different aspects of various corrosion rate prediction models were reviewed in this paper. In summary, the following points can be made: (i) Corrosion rate is one of the most important input parameters in corrosioninduced damage prediction and should therefore receive sufficient attention with respect to its assessment and prediction. (ii) Corrosion-influencing factors such as cover cracking, resistivity, concrete quality and cover depth should be (explicitly) incorporated in corrosion rate prediction models. (iii) Realistic prediction models and/or clear definition of corrosion rate and its assessment are needed to predict the actual performances of corrosionaffected RC structures. In addition, a clear definition of acceptable corrosioninduced damage levels should be made a priori. (iv) Model validation using data from natural corrosion is a vital stage in model development especially for numerically developed models and those developed using data from accelerated corrosion tests. Therefore, both field/laboratory data should be combined with modelling to develop reliable corrosion rate prediction models. (v) The inherent variability of corrosion rate and the factors influencing it should be accounted for in prediction models using probabilistic methods. (vi) The ongoing (laboratory and field) study presented in this paper will attempt to address some of the salient corrosion-influencing factors presented by taking into account cover cracking, cover depth and concrete quality (binder type, w/b ratio). The variability of these factors will also be accounted for using a probabilistic approach. 
